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It i s  i n  the  nature of frequently used computer programs t h a t  from t i m e  
t o  t i m e  they undergo modifications as d ic t a t ed  by t h e  experience of people 
who use them. Thus our Dif fe ren t ia l  O r b i t  Improvement Program, being i n  use 
s ince t h e  end of 1958, has been changed on several occasions. I n  t h e  past 
we did  not give notice of any of these changes, because they  a f fec ted  merely 
t h e  i n t e r n a l  s t ruc tu re  and t h e  capsb i l l t i e s  of t h e  program. Some recent 
modifications, however, should be pointed out because they a l te r  t h e  de f in i -  
t i o n  of t h e  mean o r b i t a l  elements. 

, 

1. As before, t he  semimajor axis 8 of an o r b i t  is  being computed from 
the  mean motion n of t h e  s a t e l l i t e  according t o  the formula 

(Y.  Kozai, Astron. Journ., vol.  64, pp. 367-377; i n  h i s  equation (14) we  put  
t h e  mean motion i n  t u r n  w a s  defined as t h e  

t i m e  der iva t ive  of t h e  mean anomaly%. Therefore i n  cases where i n  addi t ion  
t o  a polynomial p a r t  t h e  mean anomaly also had a t r i g o n o m t r i c  part, t h e  pro- 
gram produced small but unwanted, long-periodic varia. t ions i n  t h e  s e l a i ~ ~ a j o r  
ax i s .  I n  the  new program the mean motion is  defined as the  t i m e  der iva t ive  of 
t h e  mean anomaly’s polynomial part only. 

A2 = 3 2  J2%). I n  the  old program, 

2. The old program provided in t e rna l ly  only f o r  those first-order shor t -  
per iodic  perturbations t h a t  a r e  caused by the  second zonal harmonic (J2-term) 
of t h e  geopotential .  The new program has the  opt ional  capabi l i ty  t o  account 
f o r  lunar  perturbations with periods of approximately two weeks. 
t i c a l  expressions are qui te  complicated and w i l l  not be given here. As a rule, 
we use t h i s  feature of t h e  program only i n  connection with o r b i t s  t h a t  are 
computed from prec ise ly  reduced Baker-Nunn observations. 
cat ions of s a t e l l i t e  o r b i t a l  data we w i l l  always mention i f  luM1- perturbat ions 
were included i n  the  computations. 

Their analy- 

I n  our future publ i -  

A de t a i l ed  write-up of t h e  new Di f f e ren t i a l  Orbit Improvement Program, 
henceforth cal led $1-3, w i l l  be given shor t ly  by H r .  Edward M. Gaposchkin. 
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OFBITAL INFORMATIOd 

1 

c 

The p r b i t a l  elements have been derived by the  indicated staff members 
of t h e  S a t e l l i t e  Tracking Program, Smithsonian Astrophysical Observatory, 
employing t h e  SA0 Di f f e ren t i a l  Orb i t  Improvement Program ( D $ I ) .  

Field-reduced photographs from SA0 Baker-Nunn cameras comprise the  
majori ty  of observations used i n  computing these o r b i t a l  data .  SAC Moonvatch 
teams, t h e  NASA Minitrack network, foreign observatories,  miscellaneous U.S. 
and foreign observers, and various radar i n s t a l l a t i o n s  a l s o  contr ibute  valu- 
ab le  observations. 

A s  opposed t o  osculating elements, t he  elements presented here a r e  mean 
elements i n  t h e  sense t h a t  t h e  e f fec ts  of t h e  short-period per turbat ions due 
t o  t h e  earth's oblateness have been eliminated. 

SA0 mean elements have been derived from observations covering severa l  
days and are given i n  the  form o f  a tab le .  The successive sets of elements 
are e s s e n t i a l l y  independent of each other. They a r e  dependent, however, i n  
t he  sense that high-order coeff ic ients  i n  t h e  secular  and t h e  long-periodic 
terms are general ly  considered as known and as constant f o r  periods of severa l  
weeks o r  months, as d i c t a t ed  by convenience. 

The t i m e s  of epoch i n  t h e  mean elements a re  reckoned i n  J u l i a n  Days, but  
f o r  t he  sake of convenience the  number 2400000.5 has been subtracted t o  provide 
an abbreviated notat ion which we c a l l  "Modified J u l i a n  Days," or "MJD." 

The u n i t s  of t e o r b i t a l  elements are degrees f o r  angular quan t i t i e s ,  
megameters (Mm = 1 8 meters) f o r  l i n e a r  quant i t ies ,  and revolutions f o r  the  
mean anomaly M and i ts  der iva t ives .  

The tabulated values of  t h e  SAOmean elements give t h e  values of argument 
of perigee w, r igh t  ascension of the  ascending node R, i nc l ina t ion  i, eccent r i -  
c i t y  e, and mean anomaly M as functions of  time t = T - To (where To i s  the  
reference epoch) expressed i n  days. 
each value represents the standard e r ro r  f o r  t h a t  element and refers t o  t h e  l a s t  
d i g  it given . 

The s ing le  d i g i t  placed a t  the  r igh t  of 

The same tabula t ion  a l s o  gives the mean (anomalis t ic)  motion n, t he  o r b i t a l  
acce le ra t ion  n1 /2  or  n ' (dn /d t ) ,  and the semimajor a x i s  a or  the  geocentric 
d i s tance  of perigee q ( i n  megameters). O f  t he  las t  th ree  columns, t he  one 
headed N ind ica tes  the number of observations used for t h e  computation of a s e t  
of elements; t he  one headed D, t h e  number of days used; and t h e  one headed (5, 

t h e  standard e r r o r  of t he  representation of t h e  observations r e l a t i v e  t o  t h e i r  
assumed accuracy. 

SA0 smoothed elements have been derived from observations covering about 
two weeks o r  more. They are given as functions of time and general ly  include 
both secular  and per iodic  ten&.  The general  expression f o r  any element E i s  

'This work was supported i n  part by grant N s G  87-60 f r o m t h e  National 
Aeronautics and Space Administration. 
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2 E = E o +  E t  + E2t  + 1 . + pi sin(Bi + C i t )  
u 

where t = T - To i s  again expressed i n  days. 
associated with a pa r t i cu la r  coef f ic ien t  indicates  t h a t  t h i s  quant i ty  was deter- 
mined by the  process of d i f f e r e n t i a l  o r b i t  improvement; t h e  absence of a 
standard error means t h a t  t he  quant i ty  was  taken from some other  source. 

The presence of a standard e r r o r  

I n  our computer program, the  inc l ina t ion  and the  argument of perigee are 
referred t o  the true equator of date; t he  r igh t  ascension of t h e  ascending 
node, however, i s  reckoned from the  mean equinox of 1950.0 along the  corres- 
ponding mean equator t o  the  in te rsec t ion  with t h e  m o d %  t r u e  e q m t o r  of date, 
and then along t h e  t r u e  equator of date.  To transform from r i g h t  ascension of 
the  node as determined by the D$I t o  r igh t  ascension of t h e  node referred t o  
the  mean equinox of date, one uses 

Q0 = n0(D$I) + 3?508 X (MJD - 33281) , 

where MJD stands f o r  t h e  Modified Ju l i an  Day of t h e  date. 

"he mean (anomalist ic) motion n can be obtained from t h e  smoothed elements 
by d i f f e ren t i a t ing  t h e  expression f o r  M, and the  o r b i t a l  acce le ra t ion  n'  can be 
obtained by twice d i f f e ren t i a t ing  the  same expression f o r  M. 

The sun-perigee data a re  re la ted  t o  t h e  perturbing e f f e c t s  of atmospheric 
drag. are the  Modified J u l i a n  Day (MJD); t he  perigee height 
Z ( i n  kilometers) above the  In te rna t iona l  El l ipso id  of Reference; t he  geocentric 
l a t i t ude  of the perigee ( c p ) ;  t he  angular geocentric dis tance ( $ )  from the  perigee 
of t he  sun; and the  difference i n  r igh t  ascension (D.R.A.) between t h e  perigee 
and the  sun; a l l  these angles are expreFsed i n  degrees. I n  t h e  l as t  column we 
give t h e  r a t e  o f  change of t h e  period ( P )  expressed i n  days p e r  day. 

From l e f t  t o  r igh t  

I 
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Sa te l l i t e  1958 Alpha 1 (Exp l o r e r  1) 

I. SA0 smoothed elements 

Beatrice Miller 

The following elements are  based on 31 observations and are v a l i d  for 
the period A p r i l  1 through A p r i l  15,  1963. 

= 38128.0 MJD 

w = (268?06 f 3) + (7?600 f 6) t  - ?000296t2 + ?3144 COS w 

R = (322?510 f 7)  - (5?086 f 2 ) t  - ?36 x io - 4 2  t 

e = (.08981 f 2) + .5249 x 10- 4 t - .1626 x 10 -5 t 2 + .0004980 s i n  w 

+ ?0031 COS w 

i = (33?203 f 2) - ?000476t + ?l29 X 10-4t2 - ?0039 s i n  w 

-4 2 t M = (.72097 f 8) + (13.68489 f 2 ) t  + (.64 f 1) X 10 

- ( .26 f 11) X - ( . 32  f 19)  X - .0008998 cos w 

Standard error  of one observation: 0 = f 2!88. 

The following eaements a.re based on 54 observations and are valid f o r  
the period A p r i l  15 through May 1, 1963. 

To = 38142.0 MJD 

w = (14?43 f 1) + (7?599 f 2 ) t  - ?000296t2 + ?3144 cos u) 

CI = (251?279 f 4)  - (5?0884 f 6 ) t  - ?36 x 10 

i = (339201 f 1) - Q O O O l l 4 t  + ?129 X 10 

e = (.(I8944 f 2) + .697 X 

-4 2 

- ?0039 s i n  w 

t + ?0031 COS w 

-4 2 t 

- .1626 X 10-5t2 + .0004980 s i n  w 

-4 2 M = (.32221 f 4 )  + (13.68683 f 7 ) t  + (.7oi f 5 )  x 10 t 

- (.77 * 4)  x 10-6t3 - (.21 f 7)  x 10-7t4 - .0008998 cos 

Standard error  of one observation: (T = f 1!53. 
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The following elements are based on 75 observations and are v a l i d  f o r  
the period May 1 through May 16, 1963. 

To = 38158.0 MJD 
0 2 w = (136'?00 f 1) + (70603 f 2 ) t  - ,000296t + ?3144 cos w 

-4 2 R = (169?866 f 4) - (590886 f 8 ) t  - ?36 x i o  t + ?0031 COS w 

i 

e 

M 

= (33?203 f 1) + ?00029& + ?13 x 10 -4 t 2 - ?0039 s i n  w 

= (.08929 A 2)  - .4507 x 10-4t - ~ 6 2 6  x 10'5t2 + .0004980 s i n  w 

= (.32865 f 2)  + (13.689148 f 5 ) t  + (.933 f 6) X 10 -4 2 t 

+ (.95 f 4 )  X - ( .19 f 10) x 10-7 ,~  - .0008998 cos w 

Standard error of one observation: u = f 2!00. 

Tne following elements are based on 124 observations and are valid for  
the period May 16 through June 1, 1963. 

= 38174.0 MJD 

w = (257?80 f 3) + (e531 f 2) t  - .001255t2 + ?3144 cos w 

a = (88?420 f 3) - (?flog28 f 7 ) t  - ?OOO121t2 + PO031 cos w 

i = (33?2016 f 8) - ?OOOlggt - 911 x 10'~t~ - ?0039 s i n  w 

e = (. 08896 f 4 )  + .000158t - .% X 10'5t2 + ,0004980 s i n  w 

M = (.37731 f 9 )  + (13.691874 f 8)t  + c.447 f 4)  X 10 

0 

-4 2 t 

- ( .U f 4) X + (.13 ik 8) X - .0008998 cos w 

Standard error of  one observation: cr = f 1!60. 

The following elements are based on 38 observations and are m l i d  f o r  
the period June 1 through June 15, 1963. 

To = 38188.0 MJD 

w = (4?03 f 2) + (7?584 f 4 ) t  - ?001255t2 + ?3144 cos w 

= (le141 f 7) - (5?091 f 2 ) t  - ?000121t2 + ?0031 cos u) 

i = (339205 f 3) - ?00023Ot - ?li x 10'5t2 - ?0039 s i n  w 

e = (.08926 f 4)  + .52 X 

M = (.07238 f 5 )  + (13.69361 f l)t + (.In f 1) x 10'3t2 

- .38 x 10'5t2 + .0004980 s i n  w 

+ ( .208 f 8) x 1 0 - ~ t ~  - (.17 f 2) x 1 O m 6 t 4  - ,0008998 cos w 

Standad  error  of one observation: u = f 3!03. 
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The following elements are based on lo9 observations and are v a l i d  f o r  
the period June 1 5  through J u l y  1, 1963. 

% = 38204.0 MJD 

w = (125?71 f 2 )  + (7?628 f 5 ) t  - ?001255t2 + ?3144 cos w 

Q = (295?627 * 5 )  - (590969 f 7 ) t  - ?000121t2 + ?0031 cos w 

i = (33?202 f 2)  - ?000265t - ?U x 10 '~ t~  - ?0039 s i n  w 

e = (.08909 f 2)  - .70 X 

M 

- .38 X 10m5t2 + .0004980 s i n  w 

= (.19902 f 7)  + (13.69712 f l)t + (.go8 f 6 )  X 10 -4 t 2 

- (.68 f 4 )  x 1 0 - ~ t 3  + (.154 f 9)  x 10 -6 t 

Standard e r ror  of one observation: CY = f 2195. 

- .0008998 cos w 
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11. SA0 mean elements -- S a t e l l i t e  1958 A1T:ha 1 Apri l  - 28 June 1963 
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Tab le  1 

RELATIVE POSITIONS OF THE SUrT AND THE PERIGEE O F  SATELLITE 1958 ALPHA 

$ D. R.A. P MJD 2 CP 

PERIGEE IF; EAHTB SbACCk 

3812Em 3 4 5 .  -14.4 1 t C - 7  1 9 0 - 6  - C  66 2E-G6 

28124;  34s  - 2 7 - 5  1 4 s - 6  2c2.2 -C0673E-C6 

3 0 1 2 e -  3 5 1 -  -33 .2  1 3 9 - 8  2 1 3 - 2  -0 0 5 1 E-C6 

38122.  3 5 c .  - 2 e - 7  133.7 224.6 -C 758E-C6 

~ 1 3 6 .  345 .  - 1 6 . 3  1 3 C - 3  23C-8 -0,812E-C6 

3 8 1 4 C d  342.  - c  - 3  1 2 6 - 2  233-C -C,789E-C6 

3 0 1 4 4 .  3 4 2 .  1 5  .e 118.5 2350.0 -0.683E-C6 

P E R I C E E  I h  SUNLIGHT 

3 0 1 4 8 -  343 . 28.4 107.5 2 4 0 - 7  -0.658E-06 

38152.  3 4 5 .  33.2 9 6 - 4  251.4 -0.9123-06 

3 8 1 5 6 -  344.  2 8 - 1  89.1 2 6 2 - 0  -0,892E-C6 

3816Co 342 15.4 07.6 2 6 7 - 6  -0,114E-05 

38164 .  3 4 1 -  -c .7  90.9 2 6 9 - 2  -Om928E-C6 

3 e i 6 a -  346 -16.7 9 4 0 4  2 7 1 - 2  -0-739E-C6 

3 8 1 7 2 -  35c  . -29.0 93.6 2 7 7 - 4  - 0 . 4 9 S E - 0 6  

38176.  354.  - 3 3 - 2  8 7 - 1  288.5 -0-661E-Cb 

-27.2 7 6 - 7  2 9 8 - 9  -0 -821E-06 3818C. 3 5 0 -  

3 8 1 8 4 -  3 4 s .  - 1 3 - 9  65.7 3 0 4 - 0  -0-832E-C6 

38188. 341.  2 - 4  56.6 305.5 -0 -112E-05 

3 8 1 9 2 -  342 1 8 - 1  49.3 3 c 7 - 3  -0,121E-05 

3 8 1 9 6 -  344 -  29.7 4 1 . 7  3 1 3 - 6  -0-136E-C5 

3 8 2 C C -  34s . 33 .c  32.6 324.5 -0.131E-05 

3 8 2 0 4 -  343 2 6 - 4  23.5 334.3 -0 -895E-06 

382C8- 342-  1 2 - 4  2 2 - 4  3 3 9 - 4  -0 115E-CS 

-7- 



Sate l l i t e  1959 Alpha 1 (Vanguard 2) 

I. SA0 smoothed elements 

The following elements are based on 91 observations and are v a l i d  f o r  

Maria Gutierrez 

the  period A p r i l  1 through May 1, 1963. 

= 38134.0 MJD 

w = (232?390 f 4)  + (5?2919 f 4 ) t  - ?59 X 10- 4 2  t + 0 .1523 COS u) 

n = (249?817 f 2) - (3?5209 f 2) t  - ?42 X 10'5t2 + ?0077 cos w 

i = (32?8772 f 5) - ?0069 s i n  w 

e = (.I6431 f 1) - .138 X 

M 

+ .000457 s i n  w 

= (.638852 f 7)  + (11.4792753 f 8)t  + (.395 f 4)  X 10 -5 t 2 

- (.22 f 3) X 1 0 - ~ t 3  - .000439 cos w 

Standard e r ro r  of one observation: (5 = f 1100. 

The following elements are based on 126 observations and are va l id  f o r  
the period May 1 through June 1, 1963. 

To = 38164.0 MJD 

w = ( 3 l ? l 2 l  f 5)  + (5?2957 f 4 ) t  + ?000114t2 + ?1523 cos w 

R = (144?206 f 2) - (3?5206 f 2 ) t  + ?I1 x 10 

i = (32?8790 f 7)  - .0069 s i n  w 

e = ( .16433 f 1) - .75 X lo-% + .000457 s i n  w 

M 

-5- 2 t + ?0077 COS w 

0 

= (.01993 f 1) + (11.4794423 f 7 ) t  + (.243 f 2) X 10 -5 t 2 

- (.77 f 26) X 10-8t3 - .000439 cos w 

Standard e r ro r  of  one observation: 0 = f 1!33. 

-8- 



The following elements are based on 109 observations and are val id  f o r  
the period June 1 through Ju ly  1, 1963. 

T = 38184.0 MJD 

w 

!2 

0 
= (1369941 * 7) + (5?2933 f 5 ) t  + ?000114t2 + ?1523 cos w 

= (73?796 f 4)  - (3?5202 f 2 ) t  + ?11 X 10-5t2 + ?0077 cos w 

i 

e 

M 

= (3S8795 * 9)  - ?0069 s i n  w 

= (.164384 f 8) - .75 x 10m5t + .000457 s in  w 

= (.61000 f 2) + (11.479543 f 2 ) t  + (.a f 1) X 10 -5 t 2 

- (.13 f 3) X 10-7t3 - .000439 cos w 

Standard e r ro r  of one observation: 0 = f 1!35- 

-9- 



11. M O  mean elements -- S a t e l l i t e  1959 Alpha 1 3 Apri l  - - -  Jme 196: 
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Table 2 

RELATIVE POSITIONS OF THE SUN AND THE PERIGEE OF SATELLITE 1959 ALPHA 1 

M J D  

38122. 

381260 

3813Co 

301340  

3 w e .  

3a.342. 

38 146 

38156. 

3 8 1 5 4 .  

m 5 e -  

38162. 

38166- 

38176). 

38174. 

38178- 

38182-  

38186- 

3819Co 

38194. 

38198. 

38202, 

38206, 

3821Ce 

Z 

557. 

558 ,  

561.  

564. 

546 0 

547-  

546, 

563.  

560 

558.  

556 -  

S58. 

559-  

5600 

559. 

5 5 8 -  

5 5 7 .  

5570 

5 5 8 .  

561- 

564 . 
567- 

567.  

cp t I). R.A. 

P E R I G E E  IN SUNLIGHT 

6.1 90.5 91.0 

-5.4 91.7 9 1 - 1  

-16.3 94.1 91 -9  

-25.4 98-2  94.7 

-31.4 104.2 100.1 

-32-8 111.1 107-3 

PERIGEE I N  E A R T H  seaooW 

-29.2 117-3 113.9 

-21.7 121-1  118-1  

-11.6 121-4 119-6  

- c * 3  118.4 119.7 

11-1 113.8 119-8 

P E R I G E E  I N  SUNLIGHT 

21.2 109.6 121.1 

28-9 1C7.7 124.8 

32-7 108-9 130.9 

P E R I G E E  I N  EARTH SHADOW 

31.6 113.3 137.7 

25-9  lZO.0 142.8 

145.2 17.0 127-8  

t .2  135-5 145.6 

-5.3 142.0 145.2 

- 1 t - 2  146.8 145.5 

-25.4 15C.7 147.8 

- 3 1 - 3  154.6 152.8 

-32.8 159.6 159.5 
-11- 

i, 

-0,759E-07 

-0o804E-07 

-0.501E-07 

-0 0 6 0 7 E- 0 7 

-0.622E-C7 

-0m470E-07 

-0o440E-07 

-0oL216-07 

-0.622E-07 

- 0 50 1 E- 07 

-0.3046-07 

0-152E-08 

-00425E-07 

-0- 2736-07 

-0m334E-07 

-0,319E-07 

-0.3646-07 

-0,228E-07 

-0,349E-07 

-0 - 2 5 8 6-0 7 

-0o152E-07 

- C  197E-07 

0.3046-09 



S a t e l l i t e  1959 E t a  (Vanguard 2) 
I. SA0 smoothed elements 

Eleanor wan 

The following elements are based on lo3  observations and are va l id  for 
the  period Apr i l  1 through May 1, 1963. 

To = 38136.0 MJD 

w = (39?264 f 4 )  + (4?8g04 f 4 ) t  + ?000134t2 + ? l a 5  cos w 

R = (2639848 f 2) - (3?28803 f 2 ) t  + (? lo X 10 -4 )t 2 + ?OOgO COS w 

i 

e 

= (33?353 f 1) + ?000185t - ?0077 s i n  w 

= (.18879 f 2) - (.62 x + .000452 s i n  w 

M = (.830364 f 8)  + (11.088466 f 1)t - ( .54 f 3) X 10 -6 t 2 

+ (.u f 3) x 1om7t3 - .000376 cos w 

Standard e r ro r  of one observation: CT = f 1!35. 

The following elements are based on 283 observations and are val id  f o r  
t he  period May 1 through June 1, 1963. 

To = 38166.0 MJD 

w 

R = (165?226 f 2)  - (3?2865 f 2 ) t  + (?lo x 10-4)%2 + ?OOgO cos w 

i 

e 

M 

= (186?062 f 3) + (4?8917 f 3 ) t  + ?000134t2 + ?1295 cos w 

0 
= (3393529 f 4 )  + ?ooo185t - -0077 s i n  w 

= (.18870 f 1) - (.62 X 

= (.4844U f 8 )  + (11.0884687 f 7 ) t  - ( .73 f 2 )  X 10 

+ .000452 s i n  w 

-6 t'. 

+ (. 54 f 2)  x 1 0 - ~ t ~  - .000376 COS w 

Standard error  of one observation: CJ = rt l!l5. 

-12- 



The following elements are based on 151 observations and are val id  f o r  
the period June 1 through July 1, 1963. 

To = 38196.0 MJD 

w = (332’1855 & 3) + (4?89hO *.3) t  + ?000134t2 + ?l35 COS w 

R = (66?618 f 2)  - (3?2873 f 2 ) t  + (?lo X 10-4)t2 + ?OOgO COS w 

i 

e 

M = (.139165 f 9 )  + (11.0885196 f 8) t  - (.i9 f 2)  X 10 -6 t 2 

0 
= (3393567 * 7)  + .ooo185t - ?0077 s i n  w 

= (.18857 i 1) - .62 X 10’5t + .000452 s i n  w 

- (.43 f 3) x - .000376 cos w 

Standard error of one observation: u = f 1123. 

-13- 



3 Apri l  - 30 June 1963 11. SA0 mean elements -- S a t e l l i t e  1959 Eta 
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Table 3 

mLATIVE POSITIONS OF THE SUN AND THE PERIGEE O F  SATELLITE 1959 ETA 

MJD Z cp Y D. R.A. 6 

P E R I G E E  I N  SUKLIGHT 

38122- 515. - 1 5 - 5  8 8 - 1  273.4 -0 6 18 E- 0 8 

38126. 513. - 5  -2 17.1 273.5 -0. 4 88 E- 0 7 

38136-  5 1 1 0  5 - 5  86.1 273. 1 0 602 E-07 

38144. 511- 15-7  84-4 273.2 0- 104E-Cb 

38138. 513- 24-6 81.C 275-1 0 5 2 1 5 0 7  

38142 514- 3c-8 76 -0 279.1 -0 29 3E-08 

38146. 5 1 4 .  33.3 70.1 285.1 -0.65i~-oa 

3815C- 5 1 4 .  31.6  64-4 291.2 - 0 m 244 E- 0 7 

3 8 1 5 4 .  513. 2 e  00 60.4 295.6 -00488E-07 

3ei58- 512- 17.5 59.3 297-6 -0 . 2 2 8E-0 7 
38162. 513- 7 - 5  6 1 - 3  297-8 Co228E-C7 

38166. 513. -3.3 6 5 . 7  2'37-1 0 3256-07 

38176- 516. -13.7 70.7 296-8 -0o390E-07 

38174, 519. - 2 2 - 9  74.7 297-9 0o683E-08 

38178, 521. -25.8 76-3 3C1.2 -0 472E-07 

38182. 523 -33-2 75 .0  3C6-7 -0 4 3 9 E- 0 7 

38186, 523- -32.4 71-0 312.8 0- 163E-07 

38190. 521- -27.3 64-9 31704 0-390E-07 

38194. 518. -19.2 57.9 319.6 -0-342E-07 

3819e. 315. -$e4 51.2 319.8 -0 9 76E-09 

38202. 513- 1-3 4 5 - 5  319-0 0-163E-C8 

38206 . 5 1 3 0  11 -9  41.6 317.9 0-293E-07 

3821C. 5 1 4 -  21.4 38.0 318.9 -Om163E-C8 



Satel l i te  1959 Iota 1 (Exp l o re r  7 )  

I. SA0 smoothed elements 

Phyllis Stern 

The fol lowing elements are based on 77 observations and are valid f o r  
the period A p r i l  1 through May i, 1963. 

To = 38135.0 MJD 

w = (91?31 f 1) + (39399 f 2 ) t  + ?940 x 10m3t2 + 1?2206 cos w 

R = (187?771 f 2) - (491914 f 3 ) t  + ?10 x 10m6t2 + ?0054 cos w 

i 

e 

M = (.54571 f 4 )  + (14.234705 f 5 ) t  - (.176 f 4)  X 10'5t2 

= (509309 f 1) - ?0014 s i n  w 

= (.03621 f 2)  - ( .6 f 17) x IO-% + .000'i'gO s i n  w 

- (.76 f 42) X 10-8t3 - .003059 cos w 

Standard error  of one obsehat ion:  CT = f 1!73. 

The following elements are based on 64 observations and are valid for 
the period May 1 through June 1, 1963. 

To = 38165.0 MJD 

w = (193928 f 4) + (3?413 f 4 ) t  + ?940 X 10'3t2 + 1?2206 cos w 

R = (62?036 k 2) - (491909 f 1) t + ?10 X 10 -6 2 t + ?0054 cos w 

i 

e 

= (509306 f 2)  - ?0014 s i n  w 

= (.03610 f 1) + ( .21 f 11) X 10e5t + .000790 s i n  w 

M = (.5877 f 1) + (14.234713 f 9 ) t  - ( -199 f 5 )  X 10 -5 t 2 

+ (.62 f 4 )  x io-7t3 - .003059 COS w 

Standard error of one observation: o = f 1!58. 

-16 - 



The following elements a re  based on 77 observations and a re  valid f o r  
the period June 1 through Ju ly  1, 1963. 

To = 38196.0 MJD 

w 

n 

= (299909 f 3) + (3?409 f 3) t  + ?940 X 10-3t2 + 1?2206 COS w 

= (292?100 f 4)  - (4?1920 & 5 ) t  + ?10 X 10 + ?0054 cos (u 
-6 2 t 

i 

e 

M = (.86514 f 9) + (14.234828 f 9 ) t  - ( .50 f 3) X 10-6t2 

= (50?303 f 4) - ?0014 s i n  w 

= (.03604 f 6) + (.s f 49) x + .000790 s i n  w 

- ( .60 f 5) X - ,003059 cos w 

Standard e r r o r  of one observation: 0 = f 1!75- 

The following elements are based on 118 observations and are  valid f o r  
t he  period Ju ly  1 through August 1, 1963. 

To = 38226.0 MJD 

w = (41?38 f 2)+ (3?408 f 2)t + ?000225t2 + 1?2206 cos w 

-4 2 ri =(166?365 f 2)- (4?i9i6 f 2) t  - ?13 x io t + ?0054 COS w 

i 

e 

M 

= (50?305 f .1> - ?0014 s i n  u) 

=(.03613 f ~ l ) +  (.68 f 18) x lom5, + .000790 s i n  w 

= (.91122 f 4)+ (14.234958 f 6 ) t  + (.88 f 4)  X 10 -6 2 t 

- ( .96 f 5 )  x 1 0 - ~ t 3  - .003059 cos w 

Standard e r r o r  of one observation: cr = f 2!23. 

The following elements a re  based on 84 observations and are v a l i d  f o r  t he  
period August 1 through September 1, 1963. 

To = 38256.0 MJD 

U) 

hl 

= (143?41 f 2)+ (3?411 f 3)t + ?000225t2 + 1?2206 COS w 

= Q+0?620 f 1)- (4?1920 f 3 ) t  - ? l3  X 10 -4 2 t + ?0054 cos w 

i 

e 

= (50?309 f 2) - ?0014 s i n  W 

= (.03618 f 2) - (.4 f 19)  X 10' t + .0007go s i n  w 6 

-6 2 t M = (96205 f 6)+ (14.235052 f 8 ) t  + (.54 f 5)  X 10 

+ (.log f 4 )  X - .003059 cos (u 

Standard e r r o r  of one observation: cr = f 1183. 

-17- 



11. SA0 mean elements -- S a t e l l i t e  1959 I o t a  1 3 Apr i l  - 30 June 1963 
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11. SA0 mean elements -- S a t e l l i t e  1959 Iota  1 

W 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 L n  
m m m m m m m m m m m m m m m m  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  . . . . . . . . . . . . . . . .  
N L n 9 m 9 m N m c m O m c m m e  
0 0 0 0 0 0 0 @ 0 0 d 0 ~ 0 0 0  
m m m m m m m ~ m m m m ~ m m m  . . . . . . . . . . . . . . . .  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
m m m m m m m m m m m m n m m U 7  

.rl 

3 

4 July - 2 September 1963 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
h . . . . . . . . . . . . . . . .  

* m N 9 0 * m N 9 0 * m N 9 0 *  d d ~ ~ m m m * * m m m Q S P +  
N N N N N N N Cy N N N N N N N N 
~ w ~ 0 m ~ w m ~ w m w m ~ m ~  
m m m o m m m m m m n m m m m m  

Bs  
v 
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T a b l e  4 

RELATIVE POSITIONS OF THE SUN AND THE PERIGEE OF SA!I'ELLITE 1959 IOTA 1 

MJD 

38 122 

38126- 

3813Co 

38134- 

38138- 

30142. 

30146-  

3815c8 

38154.  

38158. 

38162-  

381360 

3817C- 

38174.  

381780 

38182. 

38186. 

3819Co 

3 8 1 S 4 -  

38198. 

38202. 

Z 

556-  

558- 

558-  

559. 

559. 

559. 

557. 

555. 

553.  

552. 

554. 

560.  

562. 

562. 

567- 

57c. 

572- 

571. 

5 6 8 -  

566.  

567. 

cp $ D. R.A. 

PERIGEE I N  SUNLIGHT 

34 .6  90.5 265.9 

42.4 93.3 259.5 

47.9 9209  256.6 

50.3 91-S 256.1 

49.0 90.8 256.0 

44.4 92-5 254-1  

3 7 - 4  98.0 248.6 

28 07 ia7 .3  240.3 

PERIC€E I N  EARTH SHAOOW 

19-2 

9.0 

-1.5 

-11-6 

-22.0 

- 3 1 - 8  

-4c.2 

-46.7 

-5C.O 

-49.5 

- 4 5 - 2  

-38.2 

-29.2 

119.5 

133.8 

148.9 

164.0 

176.1 

167.8 

158.2 

151.9 

149.4 

150.3 

153.6 

155.4 

152.0 

-20- 

230-0  

218.6 

2C6.7 

194.7 

183.6 

174.3 

167.0 

163.2 

162.7 

163.2 

16201 

156.9 

149.4 

+ 

0.138E-07 

-0.296E-07 

-0 0 326E-07 

0 2 17E-07 

0 0 365 E-07 

0 -  365E-07 

0 3 36 E-0 8 

-0.740E-08 

0 9 87E- 10 

0o503E-07 

0.2176-07 

0.326E-C7 

0.948E-08 

0.109E-07 

0.188E-C7 

0. i s a ~ - 0 7  

0 - 3 75 E- 0 7 

-0.168E-07 

-01987E-C0 

0.484E-08 

0.197E-07 

I 



T a b l e  4 (cont .  ) 

EiELATIVE POSITIONS OF THE SUIT AND THE PEXLGEE OF SATELLITE 1959 IOTA 1 

M J D  Z cp + D. R.A. 

38214- 

38218. 

38222-  

38226- 

3823C- 

38234- 

3 ~ 3 8 -  

3 8 2 4 2 -  

3 8 2 4 6 ,  

3825C-  

3 8 2 5 4 ,  

38258-  

38262, 

38266, 

3827Cm 

3a274- 

5 6 6 -  

5 5 6 0  

5 5 4 ,  

553. 

5 5 4 ,  

5 5 6 -  

557- 

558,  

560- 

560- 

5 5 9 ,  

557-  

55s 

553. 

552- 

5 5 2 -  

5 5 4 -  

557. 

-19.2 142.0 139-3 

- 9 - 2  128.0 127-5 

P E R I G E E  IN SUNLIGHT 

1-4 112.8 115-5  

11.7 9 7 - 5  1C3-4 

21-7 83.6 91-9  

3 1 - 1  72-4 01-8  

39-4 64-9 74-0 

45-9 61-4 69-2 

49-7 61.0 67.5 

5c.c 61-8 67-7 

46-7 61-5  66-4 

40.6 58.7 62-3 

32.5 5 2 -  8 5 5 - 1  

2 3 - 3  44. 1 45-6 

13-2 3 3 - 9  34-8 

2.9 24-3 2 3 - 1  

- 7 - 8  20-9 11-6 

-18-0 26-2 O m 4  

0 2476- C 7 

C - 2 86E-0 7 
-0- 6 12E-C7 

-00750E-07 

-0m237E-07 

Om168E-C8 

0 168E-C7 

0 - 4 74 E- 0 8 

-0,553E-07 

-0-178E-C7 

-0 0 5 63 E- 0 7 

-0,790E-C8 

0-276E-C7 

0 4846-08 

-0-503E-07 

-0,533E-C7 

-c,227~-a7 

0,326E-07 

-21- 



SA0 mean elemnts -- S a t e l l i t e  1960 Iota 1 -30 April 1.963 
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SA0 mean elements -- S a t e l l i t e  1960 Iota  1 1-31 May 1963 
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SA0 mean elements -- Satellite 1960 Iota 1 1-30 June 1963 
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Table 5 

FXLATIVE POSITIONS OF TKF: SUN AND THE PERIGEE OF SATELLITE 1960 IOTA 1 

Z 

1444- 

1446. 

I4410 

1439- 

1434. 

14320 

1428. 

14210 

1419. 

1414. 

1408. 

l404 .  

t398o 

L392- 

13850 

1380. 

1373. 

1368. 

b3610 

1355. 

1349. 

13420 

cp li( D. R.A. 

P E R I G E E  I N  SUNLIGHT 

6.6 

11.7 

20-4 

23-6 

29-6 

32-3 

35.3 

39.3 

41 -1  

43.1 

44-7 

45.7 

44-5 

47.1 

47.2 

47.0 

46.6 

45.9 

44.9 

43.8 

42.4 

4c.9 

48-8 

49.6 

5s-2  

55.1 

59.4 

59.7 

61.0 

64-8  

6 5 0 2  

66.9 

68.5 

6 9 0 3  

70.3 

7 2 - 0  

72.7 

73.7 

74.3 

14.8 

7 5 0 4  

75.7 

7 5 0 9  

76-0  

49-0  

49.7 

54.6 

54-1  

57.9 

57-8 

58.8 

62.9 

63.3 

65.3 

67.5 

60.8 

70-4  

13.2 

74.6 

76-5 

77.8 

79.0 

80.1 

80.8 

81.4 

8107 

6 

0-116E-05 

0 2 57 E-0 5 

0 7 7 2 6  E-O 

-0o180E-05 

0.2576-06 

-0. 180E-05 

-0o116E-05 

-0 -  193E-05 

-0,528E-05 

-0.1'93E-OS 

-0,643E-06 

-0o283E-OS 

-0o309E-05 

-0-283E-05 

-00257E-05 

-0 2 32E-0 5 

-0-244E-05 

-0.2706-05 

-0o309E-05 

-0e296E-05 

-0 347 E- 0 5 

-00334E-05 
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Table 5 (cont. ) 

FZUTIVE POSITIONS OF THE SUN AND THE PERIGEE OF SATELLITE 1960 IOTA 1 

Q 
39-2 

37-3 

35.4 

3 3 - 4  

31.2 

28-8 

26.5 

24-0 

21,s 

19.0 

16.4 

13.5 

10.8 

8.1 

5.4 

2-5  

gc-3 

-3.2 

os.9 

-808 

-11-5 

-14 -2  

01700 

-19-6 

-22.1 

-24-7 

JI 

75-9 

75-8 

75.5 

74-9 

74.5 

73-9 

73-2 

72-4 

71-5 

70-6 

69-6 

68-8 

67.9 

67-0 

66-1 

650.5 

64-8 

64-3 

63-8 

63.7 

6305 

63-6 

64.0 

64-3 

64-9  

65.6 

-26 - 

D. R.A. 

81.7 

81-6 

81.2 

80-5 

79.9 

79.0 

78-0 

76-9 

75.6 

74-2 

72.8 

71-5 

69.9 

60.3 

66-6 

65-1 

63-4 

61-8 

60-1  

5 0 - 6  

57-0 

55.5 

54.0 

52.6 

51-2 

50-0 

+ 
-0 3 2 1 E- 0 5 

-0-283E-C5 

-00308E-05 

-00 334E-05 

-0,308E-05 

-0e373E-0s 

-0 3 0 8 E- 0 5 

-0-347E-05 

-0-347E-05 

-0-373E-05 

-0-29SE-05 

-0-347E-05 

-00321E-05 

-0,360E-05 

-0-38SE-05 

-0,334E-05 

-0o424E-05 

-0,308E-OS 

-0,424E-05 

-0 0 29 5 E-0 5 

-0.316E-05 

-0 372 E-05 

-00423E-05 

-0 -41 1 E-05 

-00398E-OS 

-0,385E-05 



Table 5 (cont. ) i 

F#LATIVE P O S I T I O N S  O F  TIE SUN AND THE PERIGEE OF SATELLITE 1960 IOTA 1 

MJD 

3%l48- 

38163- 

38178- 

3%171- 

38172- 

3a i 19 

38174. 

3 0 1 1 % -  

30116-  

3017t- 

38178- 

3817G- 

3816Q- 

38181- 

38102- 

38185- 

301a5, 

301850 

38180- 

38189- 

38188- 

381'89- 

3e190- 

38191- 

38192- 

Z 

1201. 

1197- 

11920 

11870 

1183- 

1178. 

1174. 

1168. 

1163- 

1158. 

1153- 

1148- 

1144 

1139- 

1134- 

1128- 

1124- 

1120, 

1115- 

1111. 

1107- 

1'102 . 
1099- 

10950 

10920 

cp 

-27-1 

- 2 9 - 4  

-31-7 

- 3 3 - 8  

-35-8 

-3707 

-3904 

-41.1 

042.5 

-53.8 

-44 -8  

-45.8 

-46 5 

-40.9 

-47-2 

-47-2 

-47 1 

-46.7 

-46-1 

-45-4 

-44-4 

- 4 3 - 2  

-41-9 

-4C-4 

-38-8 

4 

6 6 - 4  

67-3 

68.4 

69.5 

70-7 

71-9 

7 3 - 0  

7403 

75-6 

16.7 

17.8 

78.0 

79.7 

80-4 

81.0 

81-4 

81.8 

81.9 

01-0 

81-5 

81-0 

00-3 

19.4 

78.4 

7700 

-27- 

D. R.A. 

4 8 - 8  

47-7 

46-8 

46-0 

45.3 

44.8 

44.3 

44-2 

44-2 

44-4 

44,s 

45-0 

45-6 

46- 1 

46-7 

47.3 

48-0  

48.5 

49-0 

49-4 

49.7 

4908 

49-6 

4905 

49-0 

i, 

-0,4366-05 

-0,423E-OS 

-0o423E-05 

- 0-423 E-0 5 
-0-372E-05 

-0  - 5  397E-0 

-0-423E-05 

-0o449E-05 

-0 -4 1 OE- 05 

-0-461E-05 

-0-436E-05 

-0 4 6 1 E- 0 5 

-0-336E-05 

-0o435E-OS 

-0-397E-05 

- o . ~ ~ ~ E - o s  
-0 0 2 49 E- 0 5 

-0  0 2 82 E 9 0  5 

-0.128E-05 

-0,205E-05 

-0-192E-05 

-0-141E-05 

-0m142E-05 

-0 12 8E-0 5 

-0-174E-05 



Table 5 (cbnt. ) 

RELATIVE POSITIONS OF THE SUN AND THE PERIGEE: OF SAWITE 1960 IOTA 1 

m 

38193- 

38194. 

3819%. 

30196- 

30199. 

asi98- 

3ei9e- 

3020%. 

38201. 

38202- 

382030 

38204 .  

38205. 

302c16. 

382OVo 

38208- 

38289- 

3821Cte 

Z 

10890 

10870 

1C84- 

1082. 

1oe 1. 

1C79. 

1078. 

1077- 

10760 

1C7S- 

1C74- 

10730 

10730 

1C72- 

1072. 

10720 

10710 

1C71. 

CP 

-37.0 

-35-1 

-33.2 

-31-0 

-28 . 8 
-26-5 

-24.0 

-21-4 

-18-9 

- 1 6 - 0  

-13-6 

-1c-5 

-7.8 

-4.9 

-2.2 

0.8 

3.6 

6.5 

If 

75-6 

73.9 

72-0 

69-9 

67.7 

65-3 

62-0 

60- 1 

s7-3 

54-4 

51-4 

48-3 

4’5.1 

41-9 

38.7 

35.5 

32-4 

29.3 

-28- 

D. R.A. 

48.5 

47-0 

46-9 

46.0 

44-8 

43-6 

42-3 

41-1 

39.5 

38.3 

36.4 

35-1 

33.3 

31-7 

2 9 - 9  

28-3 

26-6 

25.0 

i, 

-0 -  165E-05 

-0-173E-05 

-0-  179E-05 

-0 2 1 8 €-OS 

-0,139E-05 

-0-198E-05 

-00156E-05 

-0olblE-OS 

-0-179E-05 

-0,512E-06 

-0o115E-05 

-0-640E-06 

-0,640E-06 

-0,128E-05 

-0-512E-06 

-0,640E-06 

-0-115E-05 

-0,115E-05 



Sa te l l i t e  1960 X i  1 (Explorer 81 
I. SA0 smoothed elements 

Phy l l i s  S te rn  

The fol lowing elements are based  on 100 observations and are va l id  f o r  
the period A p r i l  1 through May 1, 1963. 

To = 38135.0 MJD 

w = (41?955 f 7) + (2?8167 f 7)t  + ?55 X 10 -4 t 2 + ?3431 COS w 

= (234?857 f 2) - (3?3899 f P ) t  + ?I4 x 10 -5 t 2 + 90143 COS w Sa 

i 

e = (.11900 f 2)  - .46 x + .0007285 s i n  w 

M = (.89567 f 2)  + (12.811465 & 2 ) t  + (4'22 f 4 )  x lo-5t2 

= (490940 f 1) + ?117 X + ?0043 s i n  w 

- ( .26 f 4)  x 10-7,~ - .000879go COS w 

Standard e r r o r  of one observation: CJ = f 1!58. 

The following elements are based on 101 observations and are v a l i d  f o r  
the period May 1 through June 1, 1963. 

To = 38165.0 MJD 

w = (126?396 f 6)  + (2?8130 f g ) t  + ?55 x io -4 t 2 + ?343i COS w 

= (133?163 f 1) - (3?3902 f 2) t  + ?I4 x 10 -5 t 2 + ?0143 COS U) R 

i 

e 

M 

= (49?9463 f 9)  + ?117 X 

= (.119031 f 8)  - .46 x 

- ?0043 s i n  w 

+ .0007285 s i n  w 

= (.24607 f 1) + (12.811920 It 2 ) t  + (.732 f 4 )  X 10 -5 t 2 

- (.lo0 f 4)  X - .00087990 cos w 

Standard error  of one observation: o = f 1!45. 
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The fo l lov ing  elements are based on 82 observations and are v a l i d  f o r  
the period June 1 through July 1, 1963. 

To = 38ig6.0 MJD 

w = (?13?677 f 9)  + (2?8188 f 9 ) t  + ?55 X 10-4t2 + ?3431 cos w 

n = ( L  '079 * 2 )  - (3?3901 f 3 ) t  + .14 X 10 t + .0143 cos W 

i 

e 

0 -5 2 

= (49i351 f 2)  + ?117 X 

= ( .118907 f 9) - .46 x 

- ?0043 s i n  w 

+ .0007285 s i n  w 

M = (.42103 f 2) + (12.812293 f 2 ) t  + (.689 f 3) X 10 -5 t 2 

- (.43 f 4)  X 1 0 - ~ t 3  - .00087990 cos w 

Standard e r r o r  of one observation: 0 = f l!5O. 

-30- 



11. SA0 mean elements -- S a t e l l i t e  1960 X i  1 3 A p r i l  - :O June  1963 
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Table 6 

FUGATIVE POSTITIONS OF THE SUN AND THE PERIGEE OF SATELLITE 1960 X I  1 

m 

38122- 

38a26o 

381360 

381340 

381380 

38x42. 

38146.  

3815e. 

381~1~. 

38158. 

38162. 

38166 .  

3817C. 

38171. 

38178. 

38182. 

38186.  

3819C. 

38194. 

31198. 

382C2. 

38206. 

3821G. 

Z 

418- 

418. 

418- 

420. 

422-  

423. 

425- 

426- 

426. 

425- 

4230 

4210 

420. 

4 1 8 0  

418. 

4 i a .  

4190 

421. 

424. 

427- 

430- 

4 3 3 -  

436- 

0 D. R.A. 'p 

P E R I G E E  I N  SUNLIGHT 

4 - 3  aa-6  2 7 1 - 1  

12.9 97.0 261.3 

103.6 252.0 21-2 

29.1 i a 7 - 7  243-6 

36.3 1C9-0 236-5 

42.4 107.9 231-4 

47.1 105-6 228.4 

4s-6 1C3-2 227-6 

49.6 l0ZI 1 227.5 

43.2 103.4 226.5 

42-6 1G7-2 223.5 

PERIGEE IN EARTH SHADON 

36 -5  

29.3 

2 1 - 5  

'13.2 

4 - 7  

- 4 - c  

-12.5 

-2C.9 

-28.8 

-36.1 

-4204 

- 4 7 - 1  

113.7 

122.3 

132.5 

143-2 

153.1 

159-9 

159-8 

154.0 

146-6 

139.9 

134.8 

131-7 

2 ia .2  

211.0 

202.3 

192.6 

182.4 

172.0 

161.8 

152.0 

143.1 

135.7 

130.2 

127.0 

-0-829E-07 

-0m463E-07 

-0 S36E-07 

-OoL?lE-C6 

-0-116E-06 

-0-682E-07 

-0.134E-07 

-0.077E-07 

-0 1 1 3 E 0 0 6  

-0-158E-06 

- C  1 13E-06 

-0o950E-07 

-0 609E- C 8  

-0 26 8E-07 

-0 696 E- 07 

-0o682E-07 

-0.573E-07 

-0.987E-07 

-0.107E-06 

-0-116E-06 

-0.366E-07 

-0o780f-07 

-c  . 35 1 E-C7 
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Sate l l i t e  1961 Delta 1 (Exp l o r e r  9 )  Maria Gutierrez 

I. SA0 smoothed elements 

The following elements are based on 114 observations and are va l id  for 
the period A p r i l  1 through A p r i l  15,  1963. 

To = 38126.0 MJD 

w = (240?605 f 6)  + (4?868 f 1)t + ?gg x 10 -4 t 2 + ?2484 cos w 

fI 

i 

e = (.12391 f 3)  + (.78 f 5 )  X + .41 X 10 t + .0005258 s i n  w 

M 

= (2059096 f 4)  - (397325 f 7 ) t  - ?O00248t2 + ?0066 COS w 

= (38?888 f 1) + fO00325t - .0045 s i n  w 0 

-6 2 

-5 3 = (.02223 f 2) + (12.288177 f 4 ) t  + (.0002559 f 5 ) t 2  - (.22 f 1) X 10 t 

+ (. 28 f 1) x - .0006974 COS w 

Standard e r r o r  of one observation: o = f 1!83. 

The following elements are based on 182 observations and are v a l i d  f o r  
the period April 15 through May 1, 1963. 

To = 38141.0 MJD 

w = (3139638 f 3) + (4?8758 f 6 ) t  + ?99 x 10 

n = (1499051 f 2) - ($7398 f 3) t  - .000248t2 + f0066 COS w 

i = (38?8980 f 6)  + ?ooo325t - ?0045 s i n  w 

e = (.12505 f 2) + (.55 f 3) X + .41 X 10 t + .0005258 s in  w 

- 4 2  t + ?A84 COS w 

0 

-6 2 

M = (.4&36g f 8)  + (12.296080 f 2 ) t  + (.0002319 f 2) t2  

- (.271 f 4) X 10 -5 t 3 + (.71 f 4 )  X 10-7t4 - .0006974 cos w 

Standard error of one observation: CT = f 1!38. 

-33- 



The following elements are ba,ed on 135 observa;tions and are valid for  the period May 1 through May 16, 1963. 

To = 38156.0 MJD 

w = (269901 f 8)  + (4?899 f 2 ) t  - ?000487t2 + 92484 cos w 

n = (92?911 f 3) - (39457 f 7 ) t  - ?000325t2 + ?0066 cos w 

i = (38?905 f 1) + ?000342t - ?0045 s i n  w 

e = ( ~ 2 5 8 7  f 4) + (.48 f 7) X loW4, + .17 X 

M = (.89772 f 3)  + (12.304044 f 5 ) t  + (.0003976 f 4 ) t 2  

+ .0005258 s i n  w 

+ (. 580 f 8) X 1 0 - ~ t 3  - (.I48 f 9)  x 10-6t4 - .0006974 cos w 

Standard error of one observation: (J = f 2!55. 

The following elements are based on l l 9  observations and are val id  fo r  
the period May 16 through June 1, 1963. 

= 38173.0 MJD 

= (l lO?241 f 6 )  + (4?912 f 1)t - ?000487t2 + ?2484 cos w 

TO 
u) 

n = ( H i 2 6  f 4 )  - (3?7586 f 5 ) t  - ?ooo325t2 + ?0066 COS w 

i 

e 

M 

= (38?907 f 2) + ?000342t - ?0045 s i n  w 

= ( .E681  f 3) + (.65 f 5)  X lom4, + .17 X 10 t + .0005258 s in  u) 

= ( ~ 8 7 8 1  f 2)  + (12.317370 f 3 ) t  + ( ,0002992 f 4 ) t 2  

-6 2 

- (.46 f 3 9 )  x 1 0 - ~ - ~ 3  + ( A32 f 7) x di4 - .0006974 cos w 

Standard e r ror  o f  one observation: (J = f 2!20. 

The following elements are based on 49 observations and are v a l i d  f o r  
the  period June 1 through June 15, 1963. 

= 38187.0 MJD 

= (178?902 f 7)  + (4?903 f 2 ) t  - ?000487t2 + ?2484 COS w 

TO 
w 

' n = (336?459 f 3) - (3?767 f i)t - ?ooo325t2 + ?0066 COS w 

i = (38?907 f 3) + ?000342t - ?0045 s i n  w 

e = ( ~ 2 7 6 7  f 4) + (.49 f 13)  X + .17 x 

M 

+ .0005258 s i n  W 

= (.70006 f 2)  + (12.32i689 f 9 ) t  + (.000428 f l) t2 

+ ( ,196 * 8)  x 1 0 - ~ t 3  + (. 21 * 1) x 10%~ - .0006974 cos w 

Standard e r r o r  of one observation: (J = f 1!65. 
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The following elements are based on 147 observations and are valid for 
the  period June 15 through July 1, 1963. 

To = 38203.0 MJD 

U) 

n 

i 

e 

= (257?563 f 9)  + (4?910 f 2 ) t  - ?000487t2 + ?A84 COS w 

= (276YO84 f 5)  - (3?7786 * 9 ) t  - ?000325t2 + ?0066 COS w 

= (38?911 f 1) + (?000342t - ?0045 s i n  w 

= ( 2 8 8 4  f 4)  + (.77 f 8) x + .17 x 10-6t2 + .0005258 s i n  w 

M = (.05675 f 3) + (12.340895 f 5 ) t  + (.0002810 f 8)t2 

- (-419 f 5 )  X 10 -5 t 3 + (.49 f 1) X - .0006974 cos w 

Standard error  of one observation: u = f 2!88. 
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11. SA0 mean elements -- S a t e l l i t e  1961 Delta 1 1-30 April 
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11 SA0 mean elements -- S a t e l l i t e  1961 Delta 1 1-31 Ma5 ??63 
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11. SA0 ine211 c l c m ~ n t s  -- S s i e l l i t e  1961 Delta 1 1-30 June 1963 
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Table 7 

RELATIVE POSITIONS OF THE SUN AND THE PERIGEE OF SATELLITE 1961DmTA 1 

M J D  Z CP J ,  D. R.A. P 

38120. 

38121- 

38122- 

38123- 

381240 

38125- 

381260 

381210 

38128- 

3e12So 

30130- 

38131- 

38132- 

3 8 1 3 3 -  

381340  

38135. 

38136. 

381310 

30138. 

381390 

301400 

381410 

579. 

579. 

5800  

5ao. 

5 8 0 -  

581 -  

580 

580 .  

580.  

5 8 0 ,  

579 .  

5 7 0 -  

577.  

577.  

576, 

-575. 

5730 

5720 

571- 

569 

567 .  

5 6 6 -  

PERIGEE I N  SUNLIGHT 

-19.0 66m1 63.0 -0 -334E-05 

-21.7 6 6 - 7  62.7 -0 o 3 2 9 E- 0 5 

-24.3 67.5 62 .5  -Oa31SE-05 

-20.8 6 8 0 4  62.5 -0-317E-05 

-29. 1 69.6 62.8 -0 367E-G 5 

- 3 1 - 2  70.8 63.2  -0. 3 72E-OS 

-33.1 72.3 63.9 -0o362E-05 

-34 .8  73-8 64.8 -0m343E-05 

-36.2 75.4 6 5 m 9  -0 3 3 5 E- 0 5 

-3704 77mO 67.2 -0 o 3 22  E-0 5 

-3e-2 78-6  60.6  -0 3 16E-05 

-38.7 80.2 70 .2  -0-340E-05 

-38.9 81.6 71.8 -0m373E-05 

-38.7 83.0 7 3 0 4  -0 o 4 13E-05 

- 3 8 0 3  8 4 - 3  7500  -0o406E-05 

- 3 7 - 4  85.4 76 .4  -0o369E-05 

-36.3 86.3 77.7 -0 3 32 E- 05 

-34 .9  8 7 - 0  78 .8  -0m336E-OS 

-33.3 87.5 7907  -0-347E-05 

-31.4 e . ,7  00.3  -0-344E-OS 

-29.3 8707 80 .8  -0o329E-05 

-27mC 87.5 81-0  -0o303E-05 

-39- 



Table 7 (cont. ) 

RELATIVE POSITIONS OF THE SUN AND TKF: P E R I W  O F  SATELLITE 1961 DELTA 1 

MJD Z cp $ D. R.A. + 
38142. 

38143 .  

38146-  

381450 

3a146- 

3 8 1 4 7 ,  

38146- 

3 8 1 4 8 .  

38150- 

38151- 

38152. 

38153-  

3 8 1 5 4 -  

3815%- 

381560 

38153 .  

38158. 

38159. 

3 8 1 6 C m  

38161- 

38162. 

38162.  

38164-  

564 .  

5620 

5610  

559. 

557 .  

5560 

555 .  

553.  

552. 

552. 

551.  

5SOo 

549. 

549 .  

549. 

548. 

548. 

5400 

5480 

547. 

547. 

546. 

5 4 6 .  

- 2 4 - 5  

-21.9 

- 1 9 - 2  

-16.4 

-13.5 

-1C-5 

-7-5 

-4.5 

-1 .4 

1 - 7  

4.7 

7 .8  

1C.8 

13.7 

16-6  

19 - 4  

22.1 

24.7 

27.2 

29.5 

31.5 

33.4 

35.1 

87.0 

86.3 

8 5 - 5  

84.4  

83.1 

8 1 - 7  

8 0 - 2  

7 8 - 6  

7 7 - 0  

7s-3 

73.7 

72 .1  

7C-6 

69.2 

68.0 

6 6 - 9  

6 6 - 0  

6 5 - 3  

64 .9  

6 4 - 6  

6 4 . 6  

64 .8  

6 5 - 2  

81.0 

80.8 

80.5 

80.0 

79.4 

7 8 - 7  

77 .9  

7 7 - 0  

76.1 

7 5 - 2  

14.4 

73 .5  

72 .1  

72.0 

7 1 - 4  

70 .9  

7 0 - 5  

7 0 - 3  

70.3 

70.5 

7 0 . 9  

71.5 

72.3 

-0-303E-05 

-0-296E-05 

-0-2S9E-05 

-00258E-05 

-0o272E-05 

-0 0 2 8 OE- 0 5 

-0-267E-05 

-0-280E-0s 

-0.366E-05 

-0,448E-05 

-0  44 1 E-O 5 

-0,464E-OS 

-0-492E-05 

-0 -494E-05 

-0,4946-05 

-0-526E-C5 

-0o555E-05 

-0 606E-OS 

-0,619E-05 

-0 06 14E-05 

-0,619E-OS 

-0,608E-05 

-0-562E-C5 

38165.  5 4 6 .  36 04 65 .8  73.3 -0o497E-05 

38166.  54s. 3 1 - 5  6 6 - 5  7 4 - 5  -0 4 84E-0 5 



Table 7 ( cont . ) 
FELATIVE P O S I T I O N S  OF TKE: SUN AND THE PERIGEE OF S A m I T E  1961 DELTA 1 

i. D. R.A. MJD Z Q 4 

38161- 

3816@- 

381690 

38170- 

38171- 

3 8 2 1 2 -  

38173- 

38174- 

38175- 

3ai76- 

38177- 

30178- 

38179- 

3818Co 

38181- 

138182, 

38183- 

3aim- 

38183, 

mia6. 

38181- 

38138- 

545 

544 0 

544 

542- 

542- 

541- 

540 e 

538- 

537, 

536- 

534- 

533- 

532- 

531- 

529. 

529- 

528- 

527- 

526 

525- 

325-  

524- 

38-3 

38-8  

38.9 

38-7 

38-2 

37.3 

36-1. 

3 4 - 7  

33.0 

3 1 - 1  

28-9 

26.6 

24-  1 

21-5 

18-7 

15-9 

12-9 

1C-0 

7 0 0  

3.9 

(3-8 

-2-2 

67-3 

68.3 

69-3 

70-4 

71-4 

72-5 

7306 

74-6 

75-5 

76-4 

77.3 

78-C 

78-6 

79-1 

79-7 

80 eo 

8 0 - 4  

a0.6 

80-9 

81-2 

81-5 

81-8 

75-9  

17-4 

73.9 

8 0 - 4  

81-8 

83-2 

84-3 

85-3 

86-0 

86-5 

86-9 

86-9 

8608 

8605 

86.1 

85.4 

8 4 - 8  

83-9 

83-0 

82-1 

81-1 

80-1 

-0 e 4 7 1 0 5  E- 

-0-47SE-05 

-0 4 7 9 0 5  E- 

-0 04646-05 

-0 4 19E-0 5 

-0-398E-05 

-0  3 77 E- 0 5 

-0 362 E-0 5 

-0 0410E-05 

-0-41LE-05 

-0146a~-c5  

-0 ,  S3OE-05 

-0 5 32 E- C 5 

-0  e SO 8E-05 

-0-527E-05 

-0-5S8E-05 

-00 544E-05 

-0-507E-05 

-0e44OE-05 

-0-448E-05 

-0o526E-05 

-0,687E-CS 

aelae, 524- -5.3 82-2 79-2 -0 -  642E-05 

3819Co 524- -E04 82-6  78.2 -0-6OOE-05 

38191. 524. -11-4 83-1 77-4 -0-571E-05 



T a b l e  7 ( cont . ) 
RELATIVE POSITIONS O F  THE SUN AND THE PERIGEE OF SATELLITE 1961 D e l t a  1 

Z 

5 2 4 .  

5230 

523. 

523. 

523. 

5230  

524- 

523. 

524 .  

524. 

523. 

523- 

5230 

5210  

520. 

519- 

517- 

*516- 

Q 

-17.3 

-20.1 

- 2 2 - 8  

- 2 5 - 4  

-27.8 

-3c.o 

- 3 2 - 1  

-33.9 

-35.5 

-36.8 

-37.8 

-38.5 

-38.9 

-38-9 

-38-6 

-37 09 

-36.9 

-35.6 

4 

84.5 

85.3 

86.2 

87.3 

88.4 

8906 

90.9 

92.2 

93.5 

94.9 

96.2 

97.5 

98.7 

99.7 

100.7 

101.5 

102.1 

102.4 

D. R.A. 

75.9 

75.4 

75.0 

7 $08 

f4.a 

7s.o 
7 s  04 

76.0 

76.9 

78.0 

19.2 

80-6  

82-0 

83.6 

85.1 

8 6 - 5  

87.8 

88.9 

6 

-0.576E-05 

-0 5 7 1 E- 0 5 

-0 5 6 1 E-0 5 

-0oS07E-05 

-0.  S22E-05 

-0oS68E-05 

-0.553E-Of 

-0 490 E- 0 5 

-0,423E-05 

-0.373E-05 

-0 33 1 E-05 

-0-3 15 E-05 

-00344E-05 

-0,424E-05 

-0  4 16 E-0 5 

-0.375E-OS 

-0.366E-05 

-0.379E-C5 

-42- 



S a t e l l i t e  1962 Alpha Epsilon 1 ( T e l s t a r  1) 

I. SA0 smoothed elements 

Maria Gutierrez 

The following elements a re  based on 122 observations and are val id  for  
t he  period Apri l  1 through May 1, 1963. 

= 38134.0 MJD 

= (358?371 f 6) + (1?9871 f 6) t  - ?62 x 10'5t2 + VU42 cos w 

TO 
w 

Q = (45?699 f 2) - (198588 f 2) t  - ?71 X 10 -6 t 2 + ?0145 COS UI 

i 

e = (.24240 f 1) + .87 X 10-6t + ,0005183 s i n  w 

M 

= (449808 f 1) - ?83 X - ?0077 s i n  w 

= (.82816 f 2) + (9.126180 f 2) t  + (.47 f 38) X 10-7t2 

+ (.77 f 44) X 10-8t3 - .0003171 cos w 

Standard e r r o r  of one observation: cr = f 1103. 

The following elements are based on 160 observations and a r e  valid f o r  
t he  period May 1 through June 1, 1963. 

To = 38164.0 MJD 

w = (57?995 f 5) + (199867 f 5)t - ?62 x io -5 t 2 + 9142 COS w 

fl = (349?928 f 2) - (le8592 f 2 ) t  - 0 .71 X 10 -6 t 2 + YO145 cos w 

i 

e 

M 

= (44?8054 f 9) - ?83 X lO-'t - ?0077 s i n  w 

= (.242450 f 9) + .87 X 10% + .0005183 s i n  w 

= (.EA364 f 2) + (9.126186 f 2) t  - ( - 7 1  f 48) X 10 -7 t 2 

+ (.lo f 4) X - .0003171 cos w 

Standard e r r o r  of one observation: u = f 1!00. 

-43 - 



The following elements are based on 230 observations and are va l id  for 
t h e  period June 1 through Ju ly  1, 1963. 

= 38196.0 MJD TO 
w = (121?590 f 5)  + (1?9858 f 5 ) t  - ?62 X 10-5t2 + ?1142 cos w 

R + ?O145 COS w 

i 

e 

M 

-6 2 t = (30?430 f 1) - (1?8588 * 2 ) t  - ?71 x 10 

= (44?803 * 1) - .83 X - ?0077 s i n  w 

= (. 24233 f 1) + .87 X + .0005183 s i n  W 

= (.65156 * 2)  + (9.126188 f 2 ) t  - (.24 f 3) X 10 

0 

-6 2 t 

- ( .l5 f 4) X 10-7t3 - .0003171 cos w 

Standard e r ror  of one observation: o = f 1!08. 

-44- 



11. SA0 mean elements -- S a t e l l i t e  136: Alpha Epsilon 1 3 Apr i l  - 30 June 1963 
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Table 8 

RELATIVE POSITIONS OF THE SUN AND THE PEFUGEE OF SATEu;ITE 1962 ALPHA EFSILoN 1 

Z 

954, 

951- 

949, 

951, 

948, 

948, 

949 . 
949 . 
951- 

951. 

952- 

9520 

953- 

954, 

955, 

954. 

954. 

954. 

954, 

953. 

952. 

952. 

951 ,  

Cp $ D. R.A. 

PERIGEE I N  SUNLIGHT 

-17-6 

-12.2 

-6 -7  

-1.1 

4.5 

10- 1 

15.5 

20.8 

25-8 

30.5 

3 4 - 8  

38.5 

41.4 

4 3 - 5  

44.6 

44.7 

43 -6  

41.6 

38.7 

35 00 

3C-8 

26.1 

21.1 

43.7 

37.6 

31-1 

24-4 

11-6 

11.2 

6.1 

6 - 1  

10.4 

15.1 

19-3 

22-7- 

25.2 

26-6 

2 7 - 1  

26.8 

25.8 

24.6 

23-7 

23.8 

25-4 

28.9 

33.9 

-46 - 

37-9 

32-9 

27.5 

22.1 

16-6 

11-2  

5 - 9  

1.0 

3 5 6 - 4  

352.3 

349-0 

346.3 

344.5 

343.5 

342.9 

342-6  

342.0 

340.9 

338.9 

336. 1 

332-5 

328-2 

323.4 

+ 

0-720E-08 

0 2406-07 

-0.961E-07 

-0 4 80 6-0 7 

-0-7206-07 

0-240E-07 

-0-4806-07 

0-9616-08 

-0 - 7206-07 
0.480E-08 

0-240E-07 

0 0 4 8 0 7  OE- 

-0 .  480E-07 

-0 -  240E-07 

-0-480E-07 

0-720E-07 

01720E-Of 

0 0 480 E O  7 

0 -480E-07 

0-2406-01 

0-384E-07 

-0ol44E-07 

-0.7206-07 



S a t e l l i t e  1962 Beta Mu 1 (Anna IB) 

I. SA0 smoothed elements 

Beatrice Mi l le r  

The following elements are based on 257 observations and are va l id  for 
t he  period Apr i l  1 through May 1, 1963. 

= 38135.0 MJD TO 
w = (341?61 f 6)  + (2?916 f 6) t  + 6?2697 COS w 

R = (172?8677 f 6) - (3?60899 f 7 ) t  + ?00085 COS w 

i 

e 

M 

= (5091416 f 5 )  - 90002 s i n  w 

= (.007046 f 5) + (.88 f 69) x + .0007540 s i n  w 

= (. 5787 f 2) + (13.34498 f 2 ) t  + (.175 f 1) X 10-5t2 

+ ( .77 f 15) X 10-8t3 - .015988 cos w 

Standard e r r o r  of one observation: (T = f 1!18. 

The following elements a re  based on 172 observations and a r e  va l id  f o r  
t h e  period May 1 through June 1, 1963. 

To = 38164.0 MJD 

w = (67?07 f 5)  + (2?965 * 5)t  + 6(?2697 COS w 

n = (68'1209 f 1) - (3?60882 f 9)t + ?00085 COS w 

i = (50?1406 f 8)  - ?0002 s i n  w 

e = ( .00707 f 1) + (.01 f 11) X + .0007540 s i n  w 

M = (.5321 f 1) -t (13.34494 * l ) t  + (.76 f 2) X 10 -6 t 2 

- ( .  2~ f 2) X - .015988 cos w 

Standard e r r o r  of one observation: 0 = f 1125. 
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The following elements are based on 133 observations and are valid f o r  
the period June 1 through July 1, 1963. 

To = 38195.0 MJD 

w = (159?15 f 9) + (2?952 f 9 ) t  + 6P2697 COS w 

n = (316?327 f 1) - (396093 f i)t + ?00085 COS w 

i 

e 

M 

= (50?140 f 1) - ?0002 s i n  w 

= (.007087 f 8) + (.157 f 97)t  + .0007540 s i n  w 

= (.2746 f 2 )  + (13.34494 f 3 ) t  - (.159 f 2) X 10 -5 2 t 

- (.45 f 25) X 10-8t3 - .015988 cos 

Standard e r ro r  of one observation: cr = f 1115. 



11. SA0 mean elements -- Si l t e l l i t e  1962 Beta Mu i 3 April - 30 June 1963 
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T a b l e  9 

RFLATIVE POSITIONS OF THE SUN AND THE PERIGEE OF SATELLITE 1962 BETA MU 1 

MJD 

38122, 

3@126.  

3813Co 

38134- 

38138. 

38142- 

3814to 

3815C. 

381540 

38168- 

38162. 

38166- 

38170. 

381740 

38178-  

38182. 

38186- 

3819Co 

38194, 

38198. 

382G2 . 
3 S 2 C i  . 
38219, 

1 

Z 

1089- 

1C85. 

1082. 

1079- 

1C77o 

io7a.  

1C76o 

1078. 

1078- 

1080. 

1C82e 

1083- 

1082- 

1C83- 

1082- 

108 1 

108C 

1078 

1077- 

1G76o 

1076o 

1077, 

1c79, 

cp 4 D. R.A. 

PERIGEE IN EARTH SFADOW 

-37.8 145-3 167-9  

-29.a 150.9 161.6 

-2C-6 151.7 153.8 

-11-8 144.4 143-9  

-2-7 133-2 133.6 

PERIGEE IN SUNLIGHT 

6 -5  

1 5 . 1  

23.4 

31.3 

38-0  

43.6 

4 7 - 7  

45 .9  

4F.8 

47.5 

43.0 

37.0 

3c.3 

22 -4  

13-7 

5.1 

-4.4 

-13-0 

120-4  

107-3 

95 .1  

84.6 

76-0  

69.1 

65 -8  

63 -7  

61 -7  

58.9 

55.7 

50-4  

43.0 

35 -2  

28.2 

24.6 

28.4 

36-6  
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1 2 3 - 1  

112-4  

102.3 

9 3 0 5  

85-3 

79.0 

74.7 

72-5 

70.4 

67.0 

63-0  

56.6 

47 0-7 

3 8 0 3  

28.0 

16.9 

6.3 

355-2  

+ 

-0-225E-07 

00449E-07 

-0. 112E-C8 

-0- 225E- 07 

0.337f-07 

-0-561E-07 

-0-112E-07 

-0 11 2E-07 

-0.7866-07 

(3.449E-07 

-0. l l2E-07 

-0o225E-07 

-0-898E-07 

Oo786f-07 

-0 0 7 86 E- 0 7 

- 0 , 7 a 6 ~ - 0 7  

0-786E-07 

0 0 5 6 1 E- 0 7 

-0 0 225 E-07 

-0-4496-10 

O.674E-07 

-0 0 3 3 7 E-0 7 

-0-706E-07 



Satel l i te  1962 Beta Tau 2 (Injun 3) 

I. S-40 smoothed eleEer-ts 

Beatrice Miller 

The following elements are based on 74 observations and are valid f o r  
the period A p r i l  1 through A p r i l  15, 1963. 

To = 38128.0 MJD 

w = ( ~ ? 6 8  f 2) - (1?103 f 4 ) t  - ?0091143t2 + ?2309 cos w 

-4 2 0 R = (2O?486 f 3) - (1?6932 f 6 ) t  - ?g17 x 10 t + -0330 COS w 

i 

e 

M 

= (70?365 f 4) - ?0024 sin w 

= (.15818 * 3) - (.47 f 8) x 

= (.55007 f 7)  + (12.45946 f l)t + (.000570 f l)t2 

+ .284 x + .0007046 s i n  w 

- (.59 f 12)  X - (4 f 2) X 10 -6 t 4 - .0006173 cos w 

Standard error  of one bbservation: u = f 1!95. 

The following elements are based on 63 observations and are valid fo r  
the period A p r i l  15 through May 1, 1963. 

To = 38143.0 MJD 

w = (5?l f 1) - (l?lO f 2 ) t  - ?0001143t2 + ?2309 cos w 

n = (355?021 f 7 )  - (1?698 f 2 ) t  - ?917 X 10 -4 t 2 + 0 -0330 COS w 

e = (.1573 f 2) - ( .67 f 57) X IOm4,  + .284 X 10 -6 t 2 + .0007046 s i n  w 

- (.62 f 2) X 10 -5 t 3 + (.01 f 26) X 10-7t4 - .0006173 cos w 

i = (70?40 f 2) - ?0024 s i n  u) 

M = (.5708 f 5 )  + (12.47618 f 6) t  + (.O00462 f 2) t2  

I 

Standard e r r o r  of one observation: u = f 2!63. 
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The following elements are based on 32 observations and are va l id  f o r  
the period May 1 through May 16, 1963. 

To = 38158.0 MJD 

w 

0 = (329?512 f 2) - (1?7037 f 6 ) t  - ?917 x 10'4t2 + '20330 cos w 

i = (70?356 f 4)  - ?0024 s i n  w 

e = (.1571 f 2) - (. 38 f 30) x 

M = ( . 8OgO f 2) + (12.48904 f 4 ) t  + (.000426 f 2 ) t 2  

= (348?63 f 4)  - (1'2090 f 9 ) t  - ?0001143t2 + ?2309 COS u) 

+ .284 X 10-6t2 + .0007&6 s i n  W 

- (.lg f 15) X 10 -6 t 3 + (.48 f 31) x - .0006173 cos w 

Standard error of one observation: cr = f 1!35. 

The following elements are based on 32 observations and are va l id  f o r  
the period May 16 through June 1, 1963. 

To = 38173.0 MJD 

U) 

R 

i 

e = (.15659 f 6 )  - (.89 f 28) x + .284 x 10 t + .0007046 s in  w 

M 

= (332?02 f 2) - (l?Og4 f 6 ) t  - ?0001143t2 + ?2309 COS w 

= (303?95 f 1) - (1?7061 f 7 ) t  - .917 X 10 

= (70?35 f 2) - ?0024 s i n  w 

0 -4 2 t + ?0330 COS w 

-6 2 

= (. 23339 f 6)  + (12.49960 f 2 ) t  + (.000242 f 2 ) t 2  

- (.19 f 1) X 10 -5 t 3 + (. 23 f 2) X - ,0006173 cos w 

Standard error of one observation: cr = f 2!25. 

The following elements are based on 5 1  observations and are v a l i d  fo r  
the  period June 1 through June 15, 1963. 

To = 38188.0 MJD 

UI = (315?38 f 8)  - (1?10 f 1)t - ?0001143 + ?2309 cos w 

-4 2 n = (278?36 f 1) - (io7071 f 6 ) t  - ?gi7 x io t + ?0330 COS w 

i 

e 

M 

= (70?37 f 2) - 90024 s i n  w 

= ( .1551 f 4)  - (.73 f 49) X 

= (~8215 f 9)  + (12.50678 f 2 ) t  + (.0002381 f 9 ) t 2  

-6 
+ .284 X 10 t2 + .0007046 s i n  w 

+ (4 f 7)  X - ( . l g  f 2) X - .0006173 cos w 

Standard error of one observation: cr = f 2!43. 
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The following elements are based on 164 observations and are v a l i d  f o r  
the period June 15 through Ju ly  1, 1963. 

T = 38203.0 MJD 

w = (298?79 f 2) - (1? l l2  f 3)t  - ?0001143t2 + ?2309 cos w 

h2 = (252?727 f 8)  - (l?7089 f 4 ) t  - .917 X If4t2 + YO330 cos w 

i 

e = (.1558 i 3) - ( ,21  f 43) X + .284 X 10 t + .OO07046 COS w 

0 

0 

= (70?366 f 9 )  - ?0024 s i n  UI 

-6 2 

M = (.43462 f 6)  + (12.51336 f 1)t + (.0001753 f 5) t2  
-5 3 -6 4 - (,186 f 4 )  x i o  t + (.263 f 8 )  x i o  t - .0006173 COS w 

Standard e r ror  of one observation: CJ = f 2!85. 
3 
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11. SA0 mean e l e m e n t s  -- Satell i te 1962 B e t a  T a u  2 1 A p r i l  - 15 MY 1963 
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11. SA0 mean elements -- S a t e l l i t e  1962 Beta Tau 2 17 May - 30 June 1963 
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Table 10 

RELATIVE POSITIONS OF THE SUN AND THE PERIGEE OF SATELLITE 1962 BETA TAU 2 

MJD 

3812C. 

38121 .  

3 a i a .  

38126. 

381280 

381360 

38132- 

38134'- 

38136.  

38138 .  

38146 .  

38142.  

38144 .  

381146. 

38148.  

3815Ce 

38152-  

38154.  

38156, 

38158 .  

38160, 

38162- 

38164.  

38166- 

38168. 

Z 

241. 

241.  

241 

240 0 

239 0 

2 3 9 -  

239 .  

2 3 9 -  

2 4 0 0  

239 0 

2 2 5 -  

2 2 5 -  

223.  

227-  

229-  

237 -  

240 - 
240.  

2 4 3 -  

2 4 4 .  

244 

2 4 2 .  

2 4 2 .  

2 4 3 .  

2 4 3 -  

0 

'p JI D. R.A. 

P E R I G E E  I N  SUNLIGHT 

28.8 

26.7 

24 .7  

22.7 

2C.6 

l a - 5  

16-5  

1 4 - 4  

1 2 - 3  

1C.3 

806 

6 - 9  

5 - 2  

2 - 8  

c - 7  

- 2 - c  

-4.2 

-6.3 

-e03  

-1C-4 

-12.5 

- 1 4 - 7  

-16.7 

41.8 

35.6 

29 .4  

23.2 

17.2 

11-7 

7 - 8  

8 - 4  

12.9 

18.6 

24.6  

3c.7 

36.9 

4305 

5 0 - 1  

5?,0 

63.6 

70.2 

76.6 

83 .1  

89-6 

96.2 

102.5 

35.6 

29.5 

23.4 

17.3 

11.2 

5.2 

359.1 

353.1 

3 4 7 - 0  

341.0 

3 3 5 - 2  

329.3 

323.4  

3 1 7 - 3  

311.2 

3c4.9  

298.8 

292.8 

286.7 

280.6 

2 7 4 - 5  

268.2 

262.  1 

P E R I G E E  I N  EARTH ShACOW 

-18.8 108.8 255.9 

- 2 c - 8  115.2 249.7 
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Table 10 (cont.) 

RELATIVE POSITIONS OF TlB SUN AND “!3 PERIGEE OF SATELLITE 1962 BETA TAU 2 

MJD 

,8170- 

38172- 

38174- 

38176, 

38178- 
f 

38186- 

38363- 

38184-  

38186- 

3818%- 

38198- 

38192- 

381.94- 

38196- 

38198- 

3020e, 

38202- 

38204- 

382Q4- 

382C9- 

31216- 

Z 

244- 

245- 

246- 

246 

247- 

248 

249 . 
250 0 

250- 

251. 

254. 

253- 

254- 

256-  

2580 

257-  

258- 

2 5 9 -  

259- 

260- 

261- 

$ 

121.4 

127.5 

133.5 

139-3 

144.9 

150-0 

154.6 

158-3 

160-6 

1 6 1 - 1  

159-7 

15600 

152-9  

148.5 

143.7 

138.9 

134.1 

129.3 

124.6 

1 2 0 - 1  

115.7 

D. R.A. 

243.4 

237.1 

230.7 

2 2 4 - 1  

217-9  

211.4 

204-9  

198.2 

191-6 

104-0  

178.0 

171-0 

164-0  

156.8 

149.5 

142-0 

134-4  

126-6 

118-5 

110.2 

101.5 

6 

-0,360E-05 

-0-309E-05 

-0o285E-05 

-0-319E-05 

-0-331E-OS 

-0-324E-05 

-00313E-OS 

-0o279E-OS 

-0-2726-05 

-0.326E-05 

-0-292E-05 

-0-275E-05 

-0-282E-05 

-0,2786-05 

-00296E-05 

-0-291E-05 

-0-235E-05 

-0,200E-05 

-0-248E-05 

-0m248E-05 

-0 235E-05 
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S a t e l l i t e  1962 Beta Upsilon 1 (Relay 1) 

I. SA0 smoothed elements 

Beatrice Miller 

The following elements a re  based on 87 observations and are va l id  f o r  
t h e  period Apr i l  1 through May 1, 1963. 

To = 38135.0 MJD 

w = (326?698 f 6) + (1?2148 f 9 ) t  + ?0960 COS w 

n = (61?152 f 3) - (192794 * 3 ) t  + ?0158 COS w 

i 

e 

= (479522 f 1) - ?0082 s i n  w 

= (.28492 * 3) - ( . 2 6  f 31) X + .0005027 s i n  w 

-7 2 M = (.114p f 2) + (7.780966 f 4 ) t  - (.81 f 82) x 10 t 

- -0002583 COS w 

Standard e r ro r  of one observation: CT = f 0!98. 

The following elements are based on 118 observations ard are va l id  f o r  
the period May 1 through June 1, 1963. 

To = 38164.0 MJD 

w = (1?888 f 6) + (1?2135 f 6)t + ?0960 COS w 

n = (249048 f 2) - (1?2797 f 3) t  + ?0158 cos w 

i 

e 

M 

= (47?527 f 1) - ?0082 s i n  w 

= (. 28479 f 2) - (.65 f 25) X 

= (.76255 f 2) i- (7.780959 f 2)t - ( .32 f 3) X 10 

+ .0005027 s i n  w 

t -6 2 

- -0002583 COS w 

Standard error of one observation: CT = f1!10. 



The following elements a r e  based on 150 observations and are va l id  f o r  
the period June 1 through July 1, 1963. 

T = 38195.0 MJD 

w = (39%87 f 4) + (1?2115 f 6)t + :0960 cos w 

0 

R = (3440384 f 2) - (1?2802 f s l ) t  + yo158 COS w 

0 
i 

e = (.28468 f 3) - (.53 f 41) X + .0005027 s i n  w 

M 

= (47(?518 f 1) - .0082 s i n  w 

= (.97206 f 1) + (7.780948 f l)t - (. 29 f 3) X 10-6t2 

- -0002583 COS W 

Standard e r r o r  of one observation: CT = f 1110. 
~- 
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11. SA0 mean elements -- S a t e l l i t e  1962 Beta Upsilon 1 3 April - 30 June 1963 
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Table 11 

RELATIVE POSITIONS OF THE SUN AND THE PERIGEE OF SATELLITE 1962 BETA UPSILON 1 

M J D  Z CP 4 D. R.A. i, 

P E R I G E E  IN SUNLIGHT 

38122-  1324-  -33-8  47-2 2 8 - 4  0 - 3 30E- 07 

38126. 1322-  - 3 c - 9  44.0 24 .3  -0o760E-07 

3813C- 1322- -27-8  40-6  19.8 0-793E-07 

a8134-  1321- -24-6  37-1 1 5 -  1 0 -  162E-06 

38138-  1319-  -21.4 33.7 10 .1  -0-297E-06 

38142-  L317- -18-0  30-6 5 - 0  -0-496E-06 

38146, 1315-  -14-6  28-1  359.6 -0-116E-05 

3815Co 1318-  -11-0  2 6 - 4  354-2  0-363E-06 

38154-  1315-  - 7 - 5  26.0 3 4 8 - 6  0 .3  30E-06 

38158-  1316, -3-9 26.9 3 4 3 - 0  -0,991E-08 

3 e ~ t 2 -  1317-  - c m 3  29-0 337-2  O m  661 € 4 7  

38166- 1316-  3.3 32.1 331.6 0.4296-06 

3817C-  1315-  6 - 8  35-8 325-6  -0,198E-07 

39-9  319.9 0-  2 31 E-0 7 38174-  1316- 1C-4  

38178-  1316-  13.9 44 -2  314.1 -0 661 E-08 

3 a i a 2 -  1316-  17.3 48.5 308.5 0-198E-07 

38186.  1316-  20-7 52.8 302-9  0 -  1556-06 

3819C- 1318-  2 4 - 0  5609 297-5  0 49 6 E- 07 

301940 1310-  27 -2  6 0 - 7  292.2 0-  76OE-07 

38198-  1319-  30 -3  6 4 - 2  287.2 0 rn 66 1 E-G8 

382C2- 132C- 33.2 67 -4  282-5  0-297E-07 

38206-  1320-  36 -0 70 -3 2 7 8 - 0  -0o165E-07 

3821C- 1321.  3E-6 7 2 - 9  273 .9  0 6 6 1 E-0 7 
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"he following satellites sometimes have a two-figure error i n  the 

column n ' / 2  of the  mean elements: 

1959 Eta 

1959 I o t a  1 

1960 Xi 1 
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